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Objective. The aim of this study was to analyze the effect of C. albicans on enamel microhardness in vitro.
Study Design. Candida albicans was isolated from the oral mucosa (M) and dentin carious lesion (D) of an HIV child. Three
groups of 12 enamel blocks each were placed in Petri plates (yeast carbon base agar/1% bovine serum albumin): G1,
exposed to biofilm formed by C. albicans from M; G2, exposed to biofilm formed by C. albicans from D; G3, no biofilm.
Three enamel blocks from each group were removed on days 3, 5, 8, and 10 after biofilm formation to measure the cross-
sectional Knoop microhardness (CSMH) of the enamel areas, exposed and not exposed to biofilm.
Results. CSMH decreased in G1 and G2: in G1 on day 5, and in G2 on day 3 (analysis of variance: P  .05; Mann-Whitney
test: P  .05), with a similar mean percentage reduction for both groups.
Conclusions. Candida albicans can reduce enamel microhardness in vitro. (Oral Surg Oral Med Oral Pathol Oral Radiol
2013;115:500-504)Candida albicans is the most common opportunistic
pathogen found in the oral cavity of HIV-infected chil-
dren1-3 and recent literature reports that C. albicans can
coaggregate with existing bacteria, which favors their
adhesion to oral mucosa and tooth structures.4,5 Nikawa
et al.6 analyzed the coadherence of C. albicans with
oral bacteria and observed its predominant presence
during coadhesion with Streptococcus mutans and con-
sidered that this coaggregation could play an important
role in the ecology of oral biofilms. Cannon et al.7 also
reported that C. albicans adhered to saliva-coated hy-
droxylapatite (HAP) with a relatively high affinity.
However, little attention has been given to the adher-
ence or colonization of C. albicans on enamel sur-
faces.2
Human immunodeficiency virus (HIV)–infected
children have a greater prevalence of caries compared
with noninfected children,8,9 and the presence of cavi-
tated carious lesions can function as a retentive site for
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500Candida.9,10 Jacob et al.11 demonstrated that the pres-
ence of this yeast in dentinal tubules of HIV-infected
patients was higher than in noninfected patients, and
other in vitro studies have pointed out the high acido-
genic potential of C. albicans. Although there is little
evidence about a specific relationship between C. albi-
cans and dental caries, recent research has suggested
that this potential acidogenicity could contribute to
demineralization of tooth surfaces.12,13
Owing to the importance of caries control in HIV-
infected children, knowledge of the different mecha-
nisms that enhance caries development in this popula-
tion is needed. The purpose of the present study was to
analyze the potential of C. albicans, isolated from dif-
ferent oral cavity sites of an HIV-infected child, to
reduce enamel microhardness in vitro.
MATERIALS AND METHODS
Selection of isolates of Candida albicans
Two isolates of C. albicans stored at the Microbiology
Institute of the Universidade Federal do Rio de Janeiro
(UFRJ) were selected. One was from the oral mucosa
(M) and one from a dentin carious lesion (DCL) of the
same HIV-infected pediatric patient.
Statement of Clinical Relevance
HIV-infected children have a high prevalence of
caries and are susceptible to Candida albicans in-
fections. Our investigation demonstrated that C. al-
bicans has the potential to demineralize tooth
enamel and thus may contribute to the cariogenic
process.
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clinical specimens were collected from the oral mucosa
and dentin carious lesion by a trained professional
using a sterile swab and a no. 5 sterile dentinal curette
(Duflex), respectively, and then deposited in 1 mL
saline solution (0.85% NaCl). To identify the specimen,
100 L of each solution was seeded in plates with
chromogenic agar (Chromagar Candida) incubated at
37°C for 48-72 hours, which allows a presumptive
identification of Candida spp. through the color of each
colony formed.14 Colonies with different colors were
definitively identified with the use of biochemical tests
for sugar assimilation and fermentation according to the
API 20C system (Biomérieux, Marcy L’Etoile, France).
Isolates were then stored in refrigerated Sabouraud
dextrose. This study was approved by the Ethics Com-
mitte,e and informed consent was obtained from the
legal guardians of the child.
Biofilm formation by Candida albicans
A total of 10 healthy permanent molars, selected from
the Tooth Bank of the School of Dentistry, Universi-
dade Federal do Rio de Janeiro, Brazil, were selected.
A careful reflected-light microscopic examination was
performed to exclude any teeth that were not intact or
did not have a homogeneous enamel surface The
crowns were separated from the roots and then cut into
5  5  2 mm blocks with a carborundum disk,
making a total of 36 enamel blocks. The surface of
enamel was cleaned with the use of pumice, but it was
not polished or flattened.15 Red nail varnish (2 coats, 24
hours’ drying) was then applied on the enamel speci-
mens, except for a small window (6.06 mm2) that
would be exposed to the C. albicans biofilm.
Enamel blocks, previously prepared and sterilized
(autoclaved at 121°C for 15 minutes),16 were placed in
Petri plates (90  15 mm), and yeast carbon base
(YCB) agar medium (Difco, Detroit, MI) supplemented
with 1% bovine serum albumin (BSA; Difco) was
carefully added to the bottom of the plate, leaving the
enamel surface exposed for biofilm formation After the
agar had become solid to fix the referred enamel blocks,
cellular suspensions with 105 yeast/mL in YCB (sup-
plemented with 1% BSA) were inoculated into the Petri
plates, and biofilm formed over the specimens after
incubation at 37°C without shaking. During the 10 days
of the experiment, the medium was replaced every 48
hours.17,18
The enamel blocks were divided into 3 groups (12
blocks each): group 1 with biofilm formation by C.
albicans isolated from the oral mucosa; group 2 with
biofilm formation by C. albicans isolated from the
dentin carious lesion; and group 3 with no biofilm
formation (medium control). Three enamel blocks ofeach group were removed on days 3, 5, 8, and 10 after
the beginning of the experiment. Cellular viability in
the biofilm was measured with the use of salt XTT
(2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-
5-carboxanilide; Sigma-Aldrich, St. Louis, MO, USA)
reduction after each block was removed.18 The enamel
blocks were cleaned with a soft toothbrush and water,
then sterilized (autoclaved at 121°C for 15 minutes)16
and stored in a closed environment with 100% humidity
for analysis.
Cross-sectional microhardness analysis
The enamel blocks were longitudinally sectioned and
embedded in acrylic resin, and the cut enamel surfaces
were exposed and polished. Cross-sectional microhard-
ness (CSMH) was measured with a Knoop diamond
indenter under a 50-g load for 15 seconds.19 Five equi-
distant indentations (30, 60, 90, 120, 150 m) from the
outer enamel surface were made on the enamel exposed
to biofilm formation and 5 others on the nonexposed
enamel (control). The average of the five (5) indenta-
tions was used to determine the CSMH value.
Statistical analyses
Data were submitted to a descriptive analysis to com-
pare the CSMH results among the 3 groups and to
statistical analysis by analysis of variance to compare
between the different days and Mann-Whitney test to
compare between the enamel exposed to biofilm and
the nonexposed enamel. Statistical significance was set
at .05.
RESULTS
Table I presents the results of the enamel microhard-
ness test performed on the permanent blocks exposed to
biofilm formation by C. albicans. There was a signifi-
cant decrease in microhardness over time. In groups 1
and 2 the microhardness on day 10 was significantly
lower compared with the first measurements on day 3.
In group 1 (Candida isolated from M), there was a
significant decrease in microhardness of the exposed
enamel on day 5 of biofilm formation in comparison
with the nonexposed enamel (control). In group 2,
where the enamel blocks were exposed to Candida
isolated from DCL, this difference occurred on day 3.
In group 3 (no biofilm formation), no significant values
were found when the exposed and nonexposed enamel
areas were compared during the 10 days of the exper-
iment (P  .05).
The mean percentage reduction in microhardness
was analyzed descriptively (Figure 1). The percentage
reduction in microhardness during the experiment was
very low for the control medium system (5.3%), and
was similar for the 2 groups with biofilm formation by
f varian
biofilm
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Differences were not detected regarding cellular viabil-
ity during the 10 days of the experiment.
DISCUSSION
Dental caries continues to have a high prevalence in
HIV-infected children, despite an emphasis on prevention
for this population.8,9 The association between oral car-
riage of Candida and dental caries in these children has
been demonstrated in recent studies.1,10 Cerqueira et al.1,9
observed a significant correlation between the number of
carious teeth and Candida colony-forming unit values in
62 HIV-infected children. This suggests that caries lesions
should be considered to be a risk for Candida colonization
and oral candidiasis development.
Although little information in the literature is avail-
Table I. Cross-sectional microhardness (CSMH) value
Group Day
Mean CSMH in
enamel surface
exposed to biofilm
1 (n  12) 3 249.48A
5 170.30
8 137.60
10 103.20a
2 (n  12) 3 246.45B
5 112.03
8 100.22
10 94.68b
3 (medium control) (n  12) 3 255.91
5 270.65
8 259.96
10 277.90
Group 1: biofilm formation by Candida albicans from oral mucosa; g
3: no biofilm (medium control). NS, no statistically significant diffe
Aa,BbSignificant statistical difference in CSMH over time (analysis o
Fig. 1. Percentage microhardness reduction (noncumulative)
isolated from oral mucosa and dentin carious lesion, and noable regarding the process of enamel demineralizationby C. albicans, in vitro studies have suggested that this
yeast has a high acidogenic potential13 and has a ca-
pacity to dissolve HAP.7,12 Klinke et al.20 demonstrated
that C. albicans is able to boost caries incidence if
added to a mixed low-cariogenic microbiota in rats.
Our study represents one of the relatively few studies
analyzing the in vitro demineralization potential of this
yeast on human permanent enamel, and despite the
descriptive nature of the investigation our results are
relevant. One of the limitations of our study was the use
of only 2 clinical isolates taken from the same patient,
so it should be considered as a preliminary study.
Although there are potential difficulties in the general-
ization of our findings, they need to be considered.
Nikawa et al.12 observed that C. albicans is able to
dissolve HAP and compared it to S. mutans. In our
ermanent teeth enamel
SD
Mean CSMH in
enamel surface
not exposed to
biofilm (control) SD
P value
(Mann-Whitney)
5.70 324.26 33.63 NS
2.03 294.08 21.52 .05
19.57 271.14 7.01 .05
0.75 265.80 10.26 .05
1.65 311.46 18.75 .05
1.85 285.72 2.88 .05
0.22 268.79 2.30 .05
2.60 238.84 36.76 .05
11.52 300.52 5.03 NS
0.04 277.62 12.30 NS
22.14 263.34 4.63 NS
13.83 287.28 8.88 NS
biofilm formation by C. albicans from dentinal carious lesions; group
ann-Whitney test: P  .05).
ce: P  .05).
amel after exposure to biofilm formed by Candida albicans
formation (control) in relation to time.s in p












roup 2:
rence (Min enstudy, the results showed decreases in microhardness of
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C. albicans biofilm. Collectively, these findings indi-
cate that this yeast may cause demineralization and it
could be a cohelper in cariogenic development. The
studies, showing that the adherence of C. albicans to
HAP12 was particularly high were consistent with the
observations of Sen et al.,2 who demonstrated that C.
albicans easily colonized enamel, dentine and cement
surfaces. Therefore, to clarify which mechanisms are
involved in this adherence becomes very important,
although the yeast-HAP interaction is expected to be
complex.12 According to Nikawa et al.,21 proteinaceous
components of the yeast cell wall interact electrostati-
cally with phosphate and calcium ions for effective
adherence with HAP that contributes to the adherence
of C. albicans to solid surfaces.7
Our demineralization results showed statistical dif-
ferences (P  .05) in the mineral loss process of the
enamel surface in relation to time. By day 3, deminer-
alization of enamel exposed to isolates from DCL was
already significant compared with the nonexposed
enamel. When the isolate was from M, significant de-
mineralization was observed only after day 5. This
might suggest that the isolate virulence depends on the
environmental conditions, such as the local acidic con-
ditions, physical protection, and interaction with other
microorganisms.22,23 Consistent with this, Tavanti et
al.24 observed differences in the protease expression
pattern in oral isolates from the same species but with
different karyotypes. Jin et al.22 also related a pheno-
type variance in C. albicans biofilm compared with
planktonic yeasts. These phenotypes demonstrated dif-
fering profiles for carbohydrate assimilation, adhesion,
biofilm formation, filamentation, and growth rate,
which might affect multiple biologic attributes. We can
speculate that these findings could explain our results,
because the isolates were from the same patient though
from different sites.
In addition, Candida may show interaction with
other microorganisms.5,6,25 Particularly, coaggregation
reactions with bacteria can play an important role in the
colonization of oral mucosa and hard tissues.4,5 Some
studies have already identified the cells that were in-
volved in this coaggregation.4,25,26 Once yeast cells
become attached to bacteria and/or oral surfaces, their
growth may be enhanced by the metabolic products of
oral bacteria. Bacterial bridging may be important in
the colonization of C. albicans, because it persists even
in a normal oral flora. Although the present study did
not use demineralizing bacteria as a positive control,
we showed that the yeast is able to challenge enamel
microhardness by itself. Accordingly, investigations
are in progress by our group to analyze the interaction
between C. albicans and cariogenic bacteria in dentalbiofilm and to compare their capacity for enamel de-
mineralization.
We can speculate that the copresence of Candida
with others cariogenic bacteria in dental biofilm can
enhance caries incidence. The control of these fungi in
the oral cavity of HIV-infected children may be impor-
tant to prevent oral candidiasis and help to prevent
caries disease, because recent literature shows that this
yeast can induce demineralization. Considering the
high prevalence of caries in HIV-infected children,
further research to elucidate the predisposing factors of
this disease in this population would be very useful. A
focus of this research could be to investigate the cor-
relation between the presence of Candida ssp. in dental
biofilm and its interaction with cariogenic bacterial.
In conclusion, C. albicans causes a reduction in vitro
microhardness of permanent enamel that differs in re-
lation to time and the site where the oral isolate was
collected.
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